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Recent rapid change of water circulation in the Yellow River and its effects for 
environment, RIHN--Model development of surface water circulation in the 
Yellow River domain focused on water resources and water use, MEXT 
Objectives: 
Yoshihiro Fukushima 
RllfN,Japan 
Since 1972, the drying-up frequency of river water has rapidly increased in the Yellow River (called as Huang 
He in China) due to uptake of river water to irrigation farm in the midstream and downstream. In the lower 
reaches area of the Yellow River, living people suffers water shortage for irrigation, industrial and drinking water, 
and shortage of river open water induces drop of groundwater level and increase of water pollution. Chinese 
Academy of Science is now carrying out a synthetic national project from 1999 to 2003. By the increase of food 
demand, such a case seems to increase and to spread much more in near future worldwide. How can we recognize 
and resolve thus problem is the most important and urgent for human. In particular, China has a long cultural 
history more than four thousands years and might have faced to thus crisis many times due to climatic change. 
Nevertheless, the recent crisis in the Yellow River basin is complicated because natural climate fluctuation, global 
warming and change of land utilization may affect one another. 
The above mentioned two research proposals aim at enhanced knowledge on planning countermeasures in the 
Yellow River drainage basin through the contribution from specific research fields under international 
collaboration with Chinese Academy of Science and IGBPIBAHC community. Finally, we wish to get how land 
use change affect to water cycle over the Yellow River drainage basin and what kinds of effect may occur by 
decrease of groundwater stages downstream to marine circumstance through five years research. Chinese 
scientists agree on collaborate studies with Japan by international frame basically. Through pre-project period in 
2002, implementation research plan was discussed and brushed-up toward practical execution started at 2003. On 
the other hand, a new project plan in order to develop hydrological model for clarifying actual water use in 
agricultural field in the Yellow River domain was accepted by the Ministry of Education, Culture, Sports, Science 
and Technology (MEXT). It continues from 2002 to 2006. 
Through GEWEX/GAME project which has included continental-scale field Champaign of Tropics, Subtropics, 
Tibetan plateau and Siberia, the planner of this project has a lot of experiences through GEWEX( energy and 
water cycle experiment) and IGBPIBAHC(International Geosphere and Biosphere ProgramlBiospheric Aspect for 
Hydrological Cycle) Science Steering Committee. 
Procedure to the study goal: 
CA) Investigations 
1) Observation and analysis of both energy and water fluxes from land surface to atmospheric boundary layer by 
using fluxes observation instruments, wind profiler and microwave water vapor radiometer in semi-arid region. 
In detail, the following study is now planned. 
Implementation plan of Flux and ABL observation over Loess Plateau 
Introduction (purposes and Importance of Observation) 
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Loess Plateau region is recognized as relatively dry and high air pressure area during spring and summer season 
(Fukuta et aI. , 2002). Horizontal contrast of atmospheric water vapor content around the boundary of Baiu 
(Meiyu) front seems to affect for the activity of Baiu front itself. Study on variability of Baiu front activity is 
important to predict water resources in the eastern part of China (downstream region of Yellow River) and 
Japanese region. Thus real time data set of temporal variation of heat and water vapor fluxes (sensible and latent 
heat fluxes) in this region are important to predict the Baiu front activity in spring and summer seasons. Behavior 
of atmospheric boundary layer (ABL) will also affect for the Baiu front activity through the land-surface 
processes (exchange processes of sensible and latent heat fluxes). In additions, vegetation and/or land-use change 
will have impacts for the change of structure of ABL. Therefore it is necessary to measure the surface fluxes and 
ABL structures in Loess Plateau continuously. 
The purpose of this study is to measure the sensible and latent heat fluxes, and the ABL structure over 
the Loess Plateau continuously (at least more than 3 years). Because knowledge of carbon balance over different 
land covers is necessary for future carbon balance in future, this study includes observation of carbon dioxide flux , 
simultaneously. 
Method 
Devices for the Observation 
The following devices will be installed for the flux and ABL observations. 
(1) Flux Tower & Meteorological Observation System 
A flux tower and meteorological observation system, which planned to construct, is shown in Fig.I. 30-m 
height flux tower will be installed with strong basement. On the top of the tower, an ultrasonic 
anemometer-thermometer and an infrared H 20 /C02 analyzer will be equipped. Downward short-wave radiation, 
downward long-wave radiation, upward short-wave radiation, and upward long-wave radiation will be observed 
on the top of the tower. Profiles of air temperature, air humidity, and wind speed will be measured. Also measured 
will be ground heat flux, profiles of soil temperature and soil moisture. 
The observed data should be collected using off-line PC around once / month. 
(2) Wmd (& Temperature) Profiler 
Meteorological radar observation of wind speed, wind direction, and air temperature profiles will be 
carried out using wind (& temperature) profiler. The frequency for the wind observation is 1.3 GHz UHF wave. 
For the air temperature, radio acoustic sounding system (RASS) will be operated. The height range for the wind 
observation will be from 200 m up to 3 km, and that for the air temperature will be from 100 m up to 2 km from 
the ground surface. 
The observed data will be transferred from observation point to Japan through Internet. 
(3) Microwave Water Vapor Radiometer 
Profiles of atmospheric water vapor content and air temperature will be measured using microwave water 
vapor radiometer. This device uses 3 main band of microwave from 20 to 70 GHz. The height range will be from 
100 m up to 10 km. 
The observed data will be transferred from observation point to Japan through Internet. 
Requirement for the Observation 
Totally 200 m2 area (at minimum) will be necessary for the installation of the devices. The installation place has to 
be protected from the common people (for safety). 
Electricity (AC220 V at 50/60Hz) is necessary for the operation of wind (& temperature) profiler and 
water vapor radiometer. 
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Observation Period 
The observation will be started from May 2004. Because land use change and its impact for the precipitation 
system is one of the important issue, it is better to observe the flux and ABL structure as long as possible (at least 
more than 5 years). 
Tasks and Required Data Set 
Tasks 
Chinese counter part researchers are kindly requested to maintain the flux tower system. The maintenance 
includes inspection of devices, data collection using note PC, and some manual observations (not yet determined). 
Required Data Set 
Radio-sonde (Chinese meteorological & operational) data are requested for the additional meteorological analyses. 
Atmospheric water budget analysis will be applied for the synoptic water vapor behavior. The stations for the 
radiosonde data will be Xi ' an, Pingliang and Yan'an (Fig.2). 
Arrangement of Staffs 
- Chinese 
Chinese researchers are requested to go and check the flux tower and profIler systems once / week, during 
operation period. 
- Japanese 
Japanese researchers will come to the observation station around once / two months after installation of the station. 
During establishment of the stations, Japanese researchers will stay continuously. 
Expected Results 
Continuous data set of surface flux and ABL structure will be obtained. The data set will be used for validation of 
land-surface parameterization and ABL parameterization of cloud resolving model. Entrainment parameters for 
cloud capped boundary layer, and for dry and wet convections are possible to estimate. 
The observed long-term flux data is supplied for the AsiaFlux (Flux Network for Asian Country). This 
station is one of the important point for the AsiaFlux as a representative of Loess Plateau. Combined analyses 
using surface fluxes, ABL mean profIles, and satellite data set are probably possible to predict climate change and 
vegetation change over heterogeneous Eurasian continent. 
Relations to Regional Climate Model 
Radio-sonde data set, observed ABL structure, and observed fluxes will be used as input data for the regional 
climate model. The model is possible to estimate Baiu front activity with actual input data and hypothetical data. 
The observed data are possible to use for improvement of cloud resolving model, especially for the atmospheric 
boundary layer processes. 
Contributions to AsiaFlux 
The observed long-term flux data is supplied for the AsiaFlux (Flux Network for Asian Country). This station is 
one of the important points for the AsiaFlux as a representative of Loess Plateau. 
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Radiometer 
Observation of vertical fluxes 
in the Yellow River Project 
:::::----- r-----.}, 
~" 
'" ~-----&. Spread 
lue to 1iUI¥IY.I~ltts 
Fig.1 Schematic diagram of a flux tower and meteorological observation system. 
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Fig.2 Upper air radio-sonde stations over China. 
2) Observation and analysis of groundwater flow to Bo-Hai Bay by using fiber thermo-radar and seepage 
meters 
The purposes of this study are; 
(a) To evaluate the direct groundwater discharge rate and dissolved material transports into the Bo-Hai Bay, 
(b) To evaluate the processes of material transports including nutrients discharge from the land to the ocean, and 
the process of re-circulated seawater in the coastal zone, 
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( c )  T o  e v a l u a t e  t h e  i n t e r a c t i o n  b e t w e e n  Y e l l o w  R i v e r  a n d  g r o u n d w a t e r ,  a n d  t h e n  t h e  e f f e c t  o f  r e c e n t  Y e l l o w  R i v e r  
c u t o f f  o n  g r o u n d w a t e r ,  
( d )  T o  e v a l u a t e  t h e  o r i g i n  a n d  t h e  c a u s e s  o f  h i g h  s a l i n i t y  o f  t h e  g r o u n d w a t e r ,  a n d  t h e  i n t e r f a c e  b e t w e e n  f r e s h  
w a t e r  a n d  s a l t w a t e r .  
S P E  =  S U B M A R I N E  P O R E W A T E R  E X C H A N G E  
S G D  =  S L t l m a r i n e  G r o u n d w a t e r  D i s c h a g e  
S F G D  =  S u b m a r i n e  F r e s h  G r o u n d w a t e r  D i s c h a g e  
R S G D  =  R e c i r c u l a t e d  S a l i n e  G r o u n d w a t e r  D i s c h a r g e  
S G R  =  S u b m a r i n e  G r o u n d w a : e r  R e c h a r g e  
S a . 1 E  S G D  D R I V I N G  F O R C E S :  
c  =  c o n v e c t i o n  
h  =  f 1 y d r a l i l c  h e a d  
I  =  b O a l  p u m p i n g  
w  =  w a l l e  s e l - l p  
F i g . 3  I n t e r a c t i o n  b e t w e e n  f r e s h w a t e r  a n d  s e a - w a t e r  
A  
( h e a t e r  &  
t h e n n i s t o r )  
F i g A  S c h e m a t i c  D i a g r a m  o f  a n  a u t o m a t e d  s e e p a g e  m e t e r  
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Fig.5 An example of the resistivity measurements 
The researches will be held in the (1) coastal zone, (2), the ocean (Bo-Hai Bay and a part of Yellow Sea), and (3) 
the land. 
2002 (Feasibility Study) 
(1) Coastal zone 
(i) 
(ii) 
(iii) 
(2) Ocean 
(i) 
Decision of the location of the observation site to measure continuously groundwater discharge rate 
and dissolved material 
Preliminary sampling of groundwater for chemical and isotope analyses 
General survey for locations of the seepage meter measurement in Bo-Hai Bay and Yellow Sea. 
Making a research plan with an Ocean-Research-Partner about (I) Core sampling of seabed 
sediments (2) CTD (conductivity-Temperature-Depth) measurements of seawater, (3) Resistivity 
measurements at seabed, (4) seabed temperature measurements using a fiber optic temperature laser 
rader, (5) seepage meter measurements, and (6) measurements of pressure and temperature in pore 
water under the seabed. 
(3) Land 
(i) General survey of groundwater quality and geology 
Collecting information of the locations of observation wells, groundwater salinity, geology and so on. 
2003 
(1) Coastal zone 
(i) Evaluations of the saltwater-fresh water interface using "Resistivity sensors" at 3-4 observation lines 
(1 km length, perpendicular to the coast) in (a) outlet of Yellow River, (b) south of Bo-Hai Bay, and 
(c) Yellow Sea. Continuous measurements using "Resistivity sensors" will be discussed. 
(ii) Short-term evaluations of material transports into the Bo-Hai Bay at observation site; (1) 
Installations of water sampling devices and wells, (2) Sampling of discharged groundwater, (3) 
Sampling of soils for carbon, nitrogen, isotope measurements, (4) Sampling of groundwater, river 
water and soil water for chemical and isotope measurements 
(2) Ocean 
(i) Evaluations of the saltwater-fresh water interface offshore using "Resistivity sensors" at 3-4 
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(ii) 
(3) Land 
(i) 
(ii) 
(iii) 
(iv) 
2004 
observation lines (1km length) in (a) offshore of Yellow River, (b)south of Bo-Hai Bay, and (c) 
Yellow Sea. 
cm measurements in Ba-Hai Bay 
General survey of groundwater 
Measurements of groundwater potential, electric conductivity and temperature at selected 
observation wells 
Collecting the data of groundwater pumping 
Resistivity measurements for identifications of the geology and groundwater salinity. 
(1) Coastal zone 
(i) Continuous measurements of groundwater discharge rate using seepage meters at selected 3-4 
locations (3 seepage meters in each location) such as (1) the outlet of Yellow River, (2) south of 
Bo-Hai Bay, and (3) Yellow Sea. 
(li) Continuous measurements of pore water pressure near the locations of seepage meter measurements. 
(iii) Short-term evaluations of material transports into the Bo-Hai Bay at observation site; (1) Sampling 
of discharged groundwater, (2) Sampling of soils for carbon, nitrogen, isotope measurements, (3) 
Sampling of groundwater, river water and soil water for chemical and isotope measurements 
(iv) 
(2) Ocean 
(i) 
(li) 
Separation of net groundwater discharge with re-circulated seawater at observation site. 
Continuous measurements of groundwater discharge rate using seepage meters (which will be 
installed by divers from a Chinese boat, 3 seepage meters in each location) at selected 3-4 locations 
such as (1) the outlet of Yellow River, (2) south ofBo-Hai Bay, and (3) Yellow Sea. 
Core sampling of seabed sediments at several depths in a grid mesh for chemical and isotope 
analyses. 
(iii) Continuous measurements of pore water pressure at near the locations of seepage meter 
(3) Land 
(i) 
(ii) 
measurements. 
Groundwater survey for chemical and isotope analyses during wet and dry seasons. 
Selections of continuous measurements of groundwater potential, conductivity and temperature in 10 
observation boreholes. 
(iii) Monitoring (for 2-3 years) of groundwater potential, conductivity and temperature along the Yellow 
river and at perpendicular to the river for evaluations of the effect of the recent Yellow River cutoff 
on groundwater. 
2005 
(1) Coastal zone 
(i) 
(ii) 
(2) Ocean 
(i) 
Temperature measurements using a fiber optic temperature laser radar along the coastal line and 
the perpendicular to the coast in (a) outlet of Yellow River, (b)south of Bo-Hai Bay, and (c) 
Yellow Sea. 
Continuous measurements using a fiber optic temperature laser radar will be discussed. 
Seabed temperature measurements using a fiber optic temperature laser radar and a Chinese 
boat 
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(ii) 
(iii) 
(3) Land 
(i) 
(ii) 
(iii) 
Core sampling of seabed sediments at several depths in a grid mesh for chemical and isotope 
analyses. 
Measurements of pore water temperature at several depths near the locations of seepage meter 
measurements. 
Evaluations of the origin of groundwater salinity 
Evaluations of the effect of Yellow River cutoff on groundwater 
Evaluations of groundwater age 
(B) Modeling works 
1) Evaluation of water utilization by macro-hydrological model basically developed 
GEWEXIGAME Siberia 
2) Evaluation of land use change by regional energy and water vapor circulation model basically 
developed by GEWEXIGAME HUBEX 
Flow chart of Yellow River project 
modeling of 
in Yellow River basin 
Fig.6 Flow chart of the Yellow River project 
Assignment of study among China, Japan and 
International in Yellow River Project 
I Local scale I 
Understanding of current water circulation 
and effects of water use in future 
I Regional scale I 
Counter-measure of sustainable water use 
Fig.7 Assignment of study among China, Japan and International community 
in the Yellow River Project 
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